Abstract: Elephant endotheliotropic herpesviruses (EEHVs) can cause acute hemorrhagic disease with high mortality rates in Asian elephants (Elephas maximus). Recently, a new EEHV type known as EEHV5 has been described, but its prevalence and clinical significance remain unknown. In this report, an outbreak of EEHV5 infection in a herd of captive Asian elephants in a zoo was characterized. In February 2011, a 42-yr-old wild-born female Asian elephant presented with bilaterally swollen temporal glands, oral mucosal hyperemia, vesicles on the tongue, and generalized lethargy. The elephant had a leukopenia and thrombocytopenia. She was treated with flunixin meglumine, famciclovir, and fluids. Clinical signs of illness resolved gradually over 2 wk, and the white blood cell count and platelets rebounded to higher-than-normal values. EEHV5 viremia was detectable starting 1 wk before presentation and peaked at the onset of clinical illness. EEHV5 shedding in trunk secretions peaked after viremia resolved and continued for more than 2 mo. EEHV5 trunk shedding from a female herd mate without any detectable viremia was detected prior to onset of clinical disease in the 42-yr-old elephant, indicating reactivation rather than primary infection in this elephant. Subsequent EEHV5 viremia and trunk shedding was documented in the other five elephants in the herd, who remained asymptomatic, except for 1 day of temporal gland swelling in an otherwise-healthy 1-yr-old calf. Unexpectedly, the two elephants most recently introduced into the herd 40 mo previously shed a distinctive EEHV5 strain from that seen in the other five elephants. This is the first report to document the kinetics of EEHV5 infection in captive Asian elephants and to provide evidence that this virus can cause illness in some animals.
INTRODUCTION
Elephant endotheliotropic herpesviruses (EEHVs) can cause lethal hemorrhagic disease in Asian elephants (Elephas maximus), especially in juveniles. 6 Several types of EEHVs have been described, with EEHV1A and EEHV1B types being associated with the vast majority of lethal cases. [2] [3] [4] 7 Recently, a new EEHV type was discovered during a routine blood screen from a 69-yrold asymptomatic female Asian elephant that displayed 30% nucleotide divergence from EEHV1 and 22% from EEHV2 over a 463-base pair (bp) segment of the DNA polymerase gene locus. 4 A similar level of divergence has been found subsequently at many other characteristic genomic loci as well, thus confirming its designation as a distinctive species within the Proboscivirus genus (Richman et al. unpubl . data). Designated EEHV5, the prevalence of this virus within captive or range country elephants is unknown, and it is unclear whether the virus can cause hemorrhagic disease or is associated with any other clinical syndrome. In February 2011, nonquantitative polymerase chain reaction (PCR) indicated that a 42-yr-old wild-born female Asian elephant that presented with bilaterally swollen temporal glands, oral mucosal hyperemia, vesicles on the tongue, and generalized lethargy had detectable EEHV5 DNA in blood samples but was negative for all other known EEHVs. In this report, a quantitative real-time PCR test for EEHV5 was used to track EEHV5 viremia and shedding in this zoo elephant and her herd mates from January through May of 2011.
CASE REPORT
On 7 February 2011 a 42-yr-old wild-born female Asian elephant (E. maximus) presented with bilaterally swollen temporal glands, oral mucosal hyperemia, vesicles on the tongue (Fig.  1) , and generalized lethargy (elephant 1) ( Table 1) . The elephant had a leukopenia and thrombocytopenia (Table 2) . She was treated with flunixin meglumine (Banaminet, Schering-Plough Animal Health Corp., Union, New Jersey 07083, USA; 3 g i.m., single dose), Ceftiofur (Excedet, Pharmacia & Upjohn Company, Division of Pfizer, Inc., New York, New York 10017, USA; 18 g s.q., single dose), famciclovir (Novopharm Limited, Toronto, M1b2K9, Canada; 60 g p.o. initial single dose, then rectally t.i.d. for 12 days), and fluids. Fluids consisted of rectal administration of warm tap water to capacity (i.e., until it flowed back out of the elephant) q.i.d. for 7 days (7-14 February) and then b.i.d. for an additional 6 days (14-13 February). Aside from generalized lethargy, none of the symptoms observed in elephant 1 are hallmarks of EEHV-associated fatal illness. 11 Signs resolved gradually over the course of 2 wk (until 21 February 2011), and the white blood cell count and platelets rebounded to levels above normal (Table 2) . Upon the first signs of illness, blood samples were sent to Baylor College of Medicine and the National Elephant Herpesvirus Laboratory (Washington, D.C.) for EEHV testing. 4, 10 Real-time and conventional PCR tests were negative for EEHVs 1-4 and 6 (data not shown). However, conventional PCR testing and DNA sequence analysis indicated the presence of EEHV5 DNA. 4 A real-time PCR EEHV5 test 9 was used retrospectively to determine levels of EEHV5 viremia and shedding in the entire herd (Table 1) starting 3 January 2011 through the end of May 2011 (Fig.  1 ). The number of whole blood (WB) and trunk wash (TW) samples analyzed for each elephant during the study period is summarized in Table 1 . Interestingly, no EEHV5 could be detected in the same WB or TW samples analyzed 1 yr earlier from this herd for EEHV1 10 (data not shown). EEHV5 viremia was first detected in elephant 1 on 7 February, peaked on 14 February at close to 20,000 viral genomes/ml of blood, and returned to undetectable levels by 15 March. Clinical signs of illness, which were present from 7 through 21 February, correlated with peak viral blood levels ( Fig. 2 ; Table 1 ). As viremia began to resolve, a substantial increase of EEHV5 of more than four logs was observed in the elephant's nasal secretions, peaking at over 1 million viral genomes per test reaction ( Fig. 2 ; Table 1 ). EEHV5 shedding continued to be detectable for more than 2 mo.
While tracking EEHV5 WB and TW samples from elephant 1, available WB and TW samples from other animals in the herd that were archived before and after elephant 1's illness were analyzed for EEHV5. Another female in the herd, elephant 2, had no detectable EEHV5 in her blood during the entire time period of this study ( Fig. 2 ; Table  1 ), including in blood samples going back through November 2010 (data not shown). No clinical signs were evident for this elephant during the study period. Interestingly, elephant 2 had detectable EEHV5 in her nasal secretions to almost 50,000 viral genomes per test reaction, which peaked approximately 2 wk before the onset of illness in elephant 1 and continued for nearly 2 mo ( Fig. 2 ; Table 1 ). Elephant 2 and her calf, elephant 7, joined the herd in August 2008. The herd has been closed since then. Of all the elephants in the herd, elephant 2 was the only one that never had any detectable EEHV5 viremia during the winterspring of 2011, yet she had the earliest substantial levels of viral shedding in nasal secretions within the herd.
A third female elephant in the herd, elephant 3, also experienced detectable blood viremia during a similar time frame as elephant 1, although her peak EEHV5 blood levels were significantly lower (Table 1 ; Fig. 2 ). Like elephant 1, elephant 3's EEHV5 levels in TWs rose by more than 3 logs following emergence of viremia and continued for several weeks. In contrast to elephant 1, no clinical signs were evident for elephant 3 during the study period. One week following elephant 1's presentation with temporal gland swelling, one of the juvenile elephants, elephant 4, presented with bilateral temporal gland swelling (14 February 2011), which spontaneously resolved within 1 day. Aside from temporal gland swelling, this elephant had no other observable clinical signs of illness, and so he was not treated. Following this observation, blood samples were collected from elephant 4 and elephant 5 over a limited period of time during which both experienced detectable EEHV5 viremia, which was followed by significant EEHV5 shedding in nasal secretions ( Fig. 2 ; Table 1 ). Limited blood samples were available for these two young calves (elephants 4 and 5) because of the fact that they had to be mildly sedated to obtain them. The calves were lightly sedated for sample collection using butorphanol (butorphanol tartrate, ZooPharm, Laramie, Wyoming 82070, USA; 30 mg/ml) at 0.02 to 0.05 mg/kg i.m. and detomidine (Dormosedan, Pfizer Animal Health, Exton, Pennsylvania 19341, USA; 10 mg/ml) at 0.01 mg/kg i.m. Two other bull elephants in the herd, elephant 6 and elephant 7, had variable contact with the rest of the herd (as opposed to daily contact between the females and very young calves) or each other from 1 February through 28 March 2011. Nevertheless, although neither animal showed any signs of clinical illness, both had detectable EEHV5 viremia at the end of March to the beginning of April (Table 1 ; Fig. 2 ) followed by an increase in EEHV5 shedding in nasal secretions that extended into May 2011 (Fig. 2) .
Preliminary genetic analysis of the EEHV5 viruses circulating within this herd was carried out on WB and TW samples from this cohort of elephants. Two genetic loci were chosen to work with, including a 904-bp region within the wellconserved DNA polymerase gene (U38/POL) and a more variable 650-bp region overlapping with the glycoprotein M gene (U71/gM). DNA from at least two independent TW and WB samples was PCR amplified and sequenced for each elephant, as described previously. 10 Analysis of the virus DNA present in the WB and TW samples from elephant 1 gave identical DNA sequences across both genomic loci (Fig. 3A, B) . Interestingly, there were several differences between these sequences and those from the original EEHV5 index case (also known as North American Proboscivirus Case 28, or NAP28) (Fig. 3A, B) . 4 Elephant 1 differed from the index case by four of 904 bp for the U38/POL locus and by 24 of 650 bp for the U71/gM locus. For purposes of this study, elephant 1's strain will be referred to as strain A. Surprisingly, genetic evaluation of elephant 2's TW virus revealed that it was a novel and significantly different EEHV5 strain (referred to as strain B) compared with EEHV5 strain A found in both the WB and TW samples from elephant 1 (Fig. 3A, B) . The A and B strains differed by two of 904 bp for the U38/POL locus and by 28 of 656 bp for the U71/gM locus. Strain B differed from the index strain by four of 904 bp for the U38/POL loci and by six of 653 bp for the U71/gM locus. Genetic analysis of the virus DNA present in the TW of elephant 3 and in both the WB and TW samples from elephants 4 and 5 revealed that they all had identical sequences to those found in elephant 1 (i.e., strain A). The TW virus found at the peak of elephant 6's shedding proved to be strain A, whereas at the peak of elephant 7's shedding strain B was found (same as elephant 2).
DISCUSSION
To the authors' knowledge, this is the first report describing EEHV5 infection kinetics in Asian elephants and its apparent association with illness in at least one animal. A simple explanation for the apparent successive infection of the entire herd is that it began with a reactivation and shedding event initiated by a single elephant (elephant 2), which then spread to susceptible naive herd mates. However, the fact that two different virus strains were involved does not exclude the alternative possibility that some of the elephants (especially the adults) in the herd had already been previously infected with EEHV5 (probably strain B in elephants 2 and 7, which came from a different facility 40 mo previously, and strain A in the rest) and that some precipitating environmental factor (seasonal allergens, nearby zoo exhibit construction, etc.) caused multiple reactivations within this herd of elephants. Another scenario might be that elephant 2 was latently infected with both the A and B strains and reactivated them both (despite the detection of only one predominant strain in all samples evaluated). One assumption is that viremia followed by a burst of shedding in nasal secretions indicates primary infection. However, it cannot be fully ruled out that in some cases viremia followed by increased shedding could be due to reactivation. At this time it is unclear whether the initial low levels of virus shedding in some of the elephants preceding their viremia represent spurious cross contamination of trunk secretions from other elephants in the herd that were shedding high levels of EEHV5 DNA or if it was virus that was derived from active replication within that animal prior to detectable viremia. Development of an EEHV5-specific serologic assay could help to resolve the issue of which animals were undergoing reactivation versus primary infections but obviously would be unlikely to distinguish between prior latent infections with the A strain versus the B strain. The more limited exposure of the two bull elephants to the rest of the herd, especially during February 2011, is consistent with their delayed infection with EEHV5. The fact that the bull elephant 6 had the same virus as his long-time female companions elephants 1 and 3 (strain A), whereas the 6-yr-old juvenile bull (elephant 7) had the same virus (strain B) as his mother (elephant Figure 2 . Kinetics of elephant endotheliotropic herpesvirus 5 (EEHV5) viral loads detected in whole blood (WB) and trunk wash (TW) preparations from seven elephants. VGC: viral genome equivalents. DNA prepared from WB and TW from seven elephants was screened for the presence of EEHV5 nucleic acid using a real-time quantitative polymerase chain reaction (qPCR) assay. Data for TW is expressed as VGC per test reaction and for WB as VGC per milliliter of blood. The y-axis on the graphs shows the quantity of EEHV5 genome copies, and the x-axis shows the number of days over which the study was conducted. Day 0 represents the first day that samples were collected (3 January 2011). Graphs for each animal's WB and TW EEHV5 profiles are indicated. The time frame during which clinical signs were observed for elephant 1 is designated by the gray bar, and the duration of famciclovir treatment is indicated by a black bar.
2), might be equally consistent with all of them having already been infected previously many years before and reactivating in response to some common but somewhat staggered triggering event. On the other hand, surprisingly, elephant 2's much younger female calf, born recently at this facility (elephant 5), was instead shedding the same virus (strain A) as the other young male calf (elephant 4) and the three long-term adult occupants of the facility, rather than her mother's strain. It seems particularly important to note that both of these young sub-1-yr-old calves survived the EEHV5 infection without major symptoms or drug treatments, in apparent contrast to the observations of severe life-threatening acute disease commonly caused by apparent primary infections by EEHV1A and EEHV1B in young Asian elephant calves.
At this time, it is unclear why only elephant 1 developed signs of clinical illness from EEHV5, although it is notable that the two animals that displayed temporal gland swelling were those with the highest levels of viremia. Given the age of elephant 1 (42 yr), it might be predicted that she would have been exposed or infected with this virus already. In humans, primary herpesvirus infections during childhood are often benign or subclinical, while primary infection later in life can result in severe and even life-threatening disease. 1, 8 Thus, in the event that she had not been infected previously, it is possible that she suffered illness due to acute primary infection. Alternatively, the nature of EEHV5 reactivations in older elephants remains unknown, and there is a precedent for other herpesviruses to cause disease following reactivation, especially in older or immunocompromised individuals. 1, 5, 8 At this time, it remains unclear whether anti-herpesvirus drugs and supportive care had an impact on elephant 1's ability to recover from clinical illness. (see GenBank accession number JN983100), to the same locus from EEHV5 strain A found in elephants 1 and 3-6 (GenBank accession number JN983108.1) and EEHV5 strain B found in elephants 2 and 7 (GenBank accession number JX011012). B. Sequence comparison of 656 bp from the index case glycoprotein M gene (U71/ gM) (see GenBank accession number JN983105), to the same locus from EEHV5 strain A found in elephants 1 and 3-6 (GenBank accession number JN983113.1) and EEHV5 strain B found in elephants 2 and 7 (GenBank accession number JX011021). Sequences were aligned using ClustalW. Asterisks below the sequences indicate sequence identity. Bases highlighted in gray indicate sequence differences or deletions. The polymerase chain reaction (PCR) sequencing primers used for the U71/gM locus were the same as those used previously for EEHV1 strains, 10 whereas those for the U38/POL locus were specific for EEHV5.
Since there is no control animal with which to compare and no internal control for elephant 1 (e.g., with and without famciclovir over a period of high viremia), it cannot be determined if the EEHV5 viremia might have been even greater without treatment or if it had no effect. An interesting question is whether prior infection with EEHV5 might provide some cross-protective immunity to EEHV1 or if EEHV1 might confer some cross protection to EEHV5. Sequence identification of additional EEHV5 genes will be required to help with a detailed molecular epidemiologic characterization of EEHV5 strains and development of EEHV5-specific serologic assays. Answers to major questions about the frequency of EEHV5 infection in Asian elephants or the frequency with which it can cause disease remain unknown, and will require additional surveillance of other captive herds and of Asian elephants in range countries.
